Background Gastric cancer is still generating interest because of its poor prognosis. The aim of this study was to investigate time trends in diagnostic assessment, patterns of care, and survival of gastric cancers. Methods We considered 5,010 gastric cancers diagnosed between 1976 and 2007 in a well-defined French population. Logistic regressions were used to identify factors associated with R0 resection and operative mortality. A multivariate relative survival analysis was performed. Results Diagnostic modalities have changed. Since 1988, endoscopy is performed when gastric cancer is suspected (95.5 %). However, there has been no strong variation in stage over time: the proportion of stage I cancers increased from 5.5 % to 13.4 % between the periods 1976-1979 and 2004-2007 (p \ 0.001) whereas that of advanced cases remained stable, 64.8 % and 65.0 %, respectively. R0 resections rose from 36.7 % (1976-1979) to 46.7 % between 1980 and 1999, and decreased to 32.7 % thereafter. Age, tumor location, and period were associated with R0 resection. Neoadjuvant and adjuvant chemotherapy were rarely used before 2000, then reached 15.0 % and 19.1 %, respectively, during the later period. Operative mortality after R0 resection decreased from 18.3 % during the 1976-1979 period to 4.3 % during the 2004-2007 period (p \ 0.001). Prognosis slightly improved during the three first periods, from 13.0 % to 22.6 %, then leveled off, not exceeding 26.0 % thereafter. Stage, age, histology, and time period significantly influenced survival. Conclusion Changes in diagnostic modalities were associated with minor changes in stage and prognosis for gastric cancer. Earlier diagnosis and new therapeutic strategies are the best way to improve the prognosis.
Introduction
In spite of its declining incidence in most Western countries since the 1950s, gastric cancer remains relatively frequent, accounting for nearly 20 % of all digestive tract cancers diagnosed in the European Union [1] . In France, it decreased considerably between 1980 and 2005, with an annual variation of -2.3 % in men and -2.8 % in women [2] . In contrast to this comforting trend in incidence, gastric cancer remains a highly fatal disease whose prognosis has improved little over time [3] . R0 resection remains the reference treatment, but numerous adjuvant chemotherapy protocols, associated or not with radiotherapy, have emerged in recent years [4] . Numerous improvements have been made in postoperative resuscitation and nonsurgical treatments. The impact of all these changes in the population at large is not well known. Data provided by specialized centers cannot be used as a reference because of unavoidable selection bias. Population-based studies that include all cases arising in a well-defined population are the best way to assess real changes in the management of gastric cancer. Such studies are rare because they require accurate and detailed data collection over a sufficiently long period of time. Thus, the objective of this study was to draw a picture of time trends in diagnostic strategy, treatment, and prognosis of gastric cancers diagnosed during the period 1976-2007 in a nonselected community-based series of patients in France.
Population and methods

Material
A population-based cancer registry records all digestive tract cancers in two administrative areas in France (Côte-d'Or and Saône-et-Loire, Burgundy, France). The registry covers a population of 1,050,000 inhabitants according to the 1999 census. Information was collected from multiple sources: pathology laboratories, university hospitals (including the Cancer Centre), general hospitals, private surgeons, gastroenterologists and oncologists, general practitioners, National Health Services data, and death certificates. Because they are somewhat unreliable, death certificates were only used to identify missing cases. Because of the multiplicity of information sources, we assumed that nearly all newly diagnosed cases were recorded. The quality and completeness of the registry is certified every 4 years through an audit carried out by the National Institute for Health and Medical Research (IN-SERM) and of the National Public Health Institute (InVS). All gastric cancers diagnosed during the 1976-2007 period were considered for this study.
Four categories were assigned for age: under 65, 65-74, 75-84, and over 85 years. The period of diagnosis was categorized into eight periods of 4 years. Morphological diagnostic examinations were recorded: contrast X-ray, endoscopy, ultrasonography (US), computed tomography scanner (CT-scan), or laparotomy. Diagnosis criteria were unknown in 6 cases. The site and morphology were coded according to the International Classification of Diseases (ICD-O3) [5] . Tumor location included cardia (C16.0), fundus (C16.1), corpus (C16.2), antrum and pylorus (C16.3, C16.4), and extension to more than one site (C16.8). The gastric location was not otherwise specified (C16.9) for 317 patients (6.3 %). Morphology was registered according to the conclusion of the pathological report related either to the surgical specimen or to the endoscopic biopsy. Morphology included adenocarcinoma (n = 3,366), signet-ring cell cancers (n = 600), undifferentiated carcinoma (n = 418), lymphoma (n = 261), gastrointestinal stromal tumor (n = 48), sarcoma (n = 27), malignant digestive endocrine tumours (n = 35), and squamous cell cancers (n = 9). In 240 cases, the diagnosis was not histologically verified, but made from operative findings or medical imaging. In 6 cases the morphology was not notified in the database of the registry. Treatments were divided into R0 resection: macroscopic resection of all malignant tissue and no microscopic evidence of surgical margin involvement (n = 2,149); R1/R2 resection: palliative resection (n = 547), surgical, or medical bypass (n = 412); and laparotomy alone (n = 214). Extended lymph node dissection for patients resected for cure was approximated by the number of resected nodes into D0/1 resection for cases with fewer than 25 nodes removed and D2 resection for cases with at least 25 nodes removed [6] .
A total of 1,688 patients did not undergo surgery. Among patients who were not resected for cure (n = 2,862), 20.7 % (n = 593) received chemotherapy [of whom 18.2 % (108/593) had combined radiotherapy], 2.8 % received radiotherapy alone (n = 81), and 41.4 % received best supportive care (n = 1,186). Cancer cases were classified according to the TNM classification, 7th revision [stage I: cancers limited to the gastric wall (T1/2 N0 M0); stage II: involvement of serosa and locoregional extension (T3/4 N0 M0); stage III: lymph node metastases (all T, N1/2 M0); and stage IV: visceral metastasis (M1)]. Nonresected cancers with no evidence of visceral metastasis were grouped with stage IV and classified as advanced cases. Those who underwent resection but were not staged were classified as unknown (n = 93, 1.9 %). Operative mortality was defined as death within 30 days of surgery. Five-year relative survival was calculated for patients diagnosed between 1976 and 2005; thus, the last period included in the survival analysis was a 2-year period. Vital status at 5 years was known for 97.9 % of these patients (4,612/4,710).
Statistics
The association between categorical data was analyzed using the chi-square test. Time trends were established by 4-year periods by means of logistic models. Nonconditional logistic regressions were performed to identify factors independently associated with the probability of resection for cure and with operative mortality. The significance of the covariates was tested by the likelihood ratio test. Relative survival rates, defined as the ratio of the observed survival rate in the cancer patients under study to the expected survival rate in a population with similar gender and age distribution, were calculated. Relative survival reflects the excess mortality in cancer patients relative to background mortality. Multiple regression of relative survival was performed using a generalized linear model with a Poisson error structure based on collapsed data using exact survival times as proposed by Dickman et al. [7] . The significance of the covariates was tested using the likelihood ratio test. The analyses were performed using STATA, release 11 (STATA, College Station, TX, USA).
Results
Over the study period, a total of 5,010 patients with gastric cancer were recorded, of whom 63.9 % were men. The mean age at diagnosis was 70.7 years (SD, 12.6) for men and 75.2 years (SD, 12.3) for women (p = 0.001).
Diagnostic modalities changed over time. The use of endoscopy greatly increased until the 1988-1991 period, and then levelled off at around 95 % in the 2000s ( Table 1 The proportion of histologically verified cases rose from 80.4 % to 98.1 % between the first and last periods (p for trend, \0.001) ( Table 1 There was no strong variation in stage at diagnosis over the time period. The most noteworthy event was the increase in early stage I cancers, which rose from 5.5 % to 13.4 % between the first and last periods. The corresponding mean 4-year period variation was ?7. There was no great variation in the surgical treatment of gastric cancers. After an initial brief increase between the first and second periods, R0 resections were performed in 46.7 % of cases between 1980 and 1999, and then decreased to 34.1 % of cases between 2000 and 2007. The proportion of R0 resection with extended D2 lymph node dissection rose from 0.8 % to 8.3 % between the first and the sixth period, then leveled off at 10 % between 2000 and 2007. Opposite trends were observed for the proportion of patients not receiving surgery. There was no significant variation in the proportion of palliative resections and other surgical procedures. Table 3 shows the proportion of patients undergoing R0 resection by sex, age, site, and period of diagnosis, and the corresponding multivariate estimates of odds ratio. Age, location, and period of diagnosis were significantly and independently associated with R0 resection. The probability of R0 resection was 5.3 times less for patients aged 85 years and over than for patients aged under 65 years. Independently of other studied factors, the period of diagnosis was associated with the probability of resection for cure. As compared to the 1976-1979 period, the likelihood of having a resection for cure increased until the 1996-1999 period and significantly decreased thereafter. R0 resection was performed more often in cancer of the antrum and pylorus than in cancer of other sites. Table 4 ). The mean 4-year period variation was -17.9 % CI (-24.8; -11.2) (p \ 0.001). The effects of sex, age, period of diagnosis, and location on operative mortality after R0 resection were analyzed using a regression method. Age was an important factor associated with operative mortality: patients aged 85 years and over were nearly six times more likely to die during the postoperative phase than patients under 65. There was a 6.7-fold decrease in the likelihood of operative mortality between the first and the last study periods. Cancer site was also an important determinant of operative Table 2 Trends in stage at diagnosis and management of gastric cancers (%) 1976-1979 1980-1983 1984-1987 1988-1991 1992-1995 1996-1999 2000-2003 2004-2007 Stage at diagnosis (Table 5 ). Survival did not increase much over time for stage I and II cancers, whereas it doubled for stage III between the first and the last period and remained stable for advanced gastric cancers (Table 6) . Five-year relative survival for the studied variables and the corresponding multivariate relative survival analysis are given in Table 5 . Sex did not influence survival. Five-year relative survival increased after R0 resection from 34.5 % during the first period to 52.5 % during the last one. The survival after extended D2 lymph node dissection among these patients was 56.2 % between 1996 and 2007. Stage at diagnosis was the strongest prognostic factor. The excess hazard ratio of death was 20 times higher in advanced cancers than in TNM stage I cancers. Age, period of diagnosis, and histology were also independent prognostic factors. After adjusting for these variables, location was no longer a strong prognostic factor.
Discussion
The data presented here are important in that they report the management of gastric cancer at a population level over 32 years. One of the major problems faced by populationbased studies is to determine the completeness and reliability of data. Given the number and variety of information sources, we assumed that nearly all newly diagnosed cases of gastric cancer were recorded. Information on diagnostic assessment subsite, morphology, treatment, and stage at diagnosis was almost complete. The study was therefore carried out without selection bias.
Among the major findings that emerged from this study was the change in the diagnostic assessment of gastric cancer. No comparable population-based data are available in the literature. The proportion of gastric cancers with histology as the diagnostic criterion increased over the study period; this was related to the development of endoscopy, which progressively became the only diagnostic tool whatever the age. The discrepancies resulting from age observed at the beginning of the study period had completely disappeared at the end of the study. Changes in diagnostic strategies were not associated with a major improvement in stage at diagnosis. The proportion of patients with stage I cancer increased from 5.5 % to 13.4 % over this 32-year period, as has been shown in other studies conducted in the West [8] [9] [10] . The situation was different in Japan: temporal trends in incidence by stage showed that the proportion of early tumors almost doubled between 1976-1980 and 1991-1995, whereas it did not vary in Slovenia or in the USA [11] . This difference could be partly explained by differences between pathologist point of view, as Japanese pathologists include among cancers certain lesions, for example, intramucosal carcinomas, that are classified as severe dysplasia in the Western world [12] , and by the decreasing proportion over time of unstaged tumors. The increase in Japan could also partly be explained by the development of screening programs in this country [11] . Two-thirds of patients still presented with advanced cancer, which is consistent with the findings of population-based studies in Europe, the USA, and France [8-10, 13] The absence of major improvements in the stage at diagnosis given the development of endoscopy can be explained by the late presentation of symptoms and by the fact that when they occur they are often minor and do not worry the patient or the practitioner.
The results concerning R0 resection are disappointing. This is currently the only treatment for cure. After an increase in R0 resection between the second and sixth study periods, the proportion of R0 resections returned to the level of the first period. Similar results were reported in the USA and Europe [14, 15] . Data from the Surveillance, Epidemiology and End Results registries indicate a decline of 6 % in the resection of non-cardia gastric cancers between 1983 and 2002 [15] . In the Netherlands, between 1990 and 2007, resection rates remained at a high level among patients with non-cardia gastric cancer, whereas they decreased among stage I, II, and IV patients with cardia cancer [14] . More careful selection of patients who undergo surgery is an explanation. Improved imaging modalities can lead to better preoperative staging. This hypothesis is supported by the fact that the decrease in R0 resection during the last two periods studied was not associated with a decrease in stage I cancers or in 5-year survival.
One of the most obvious trends lies in the reduction in operative mortality, particularly after R0 resection. This trend may be attributable to improved surgical techniques, but it is probably mainly the result of improvements in perioperative management and in postoperative resuscitation. Large variations in postoperative mortality rate have been reported: in a study that collected data from cancer registries from seven European countries, it varied between 5.2 % and 12.1 % (1986-1988 period) [16] . Age and site of cancer were independently associated with operative mortality after R0 resection. It is well known that age is an important operative risk factor. Operative mortality was also higher in cancer of the cardia and in cancer overlapping two gastric regions compared to that in other sites. This variable is also highly dependent on the type of gastrectomy, which is related to operative mortality.
Our study is important in that it provides data on the implementation of adjuvant and palliative chemotherapy. As reported in American and European studies [9, 14] , there was a progressive increase in the proportion of patients treated. It was only in 2001 that a trial suggested that a benefit could be derived from adjuvant chemotherapy [17] . The results have since been criticized. Recently, the MAGIC trial demonstrated a better survival rate using perioperative chemotherapy [18] . It is too early to evaluate the impact of this study published in 2006. It has been reported that palliative chemotherapy has a beneficial effect on survival [19] , but this effect is modest. In our study, there has been a progressive increase in the proportion of treated patients since 1992, and nearly half of them were treated during the last study period. It is well known that stage at diagnosis is the major prognostic factor. The 5-year relative survival was more than 80 % in stage I. It decreased sharply when the entire gastric wall was involved and became poor when lymph nodes were invaded. This finding indicates that significant improvements in prognosis can be achieved by earlier diagnosis. Indeed, the improvement in survival observed during the first three time periods can be matched with the increase in the proportion of early-stage detection and of R0 resections during these periods. Thereafter, improvements in early-stage detection and R0 resection leveled off, and no significant progress in survival was seen.
The prognostic significance of older age and histological type in our study is comparable to the results of other studies [13, 20, 21] . The prognosis was significantly better for lymphoma than for adenocarcinoma, and prognosis was worse for undifferentiated carcinoma than for adenocarcinoma.
In conclusion, this study shows no major improvement in stage at diagnosis or survival of gastric cancer over the past three decades. There was even a decrease in the rate of R0 gastric resection between the 1980-1999 period and the 2000-2007 period, which can be related to better preoperative staging. The lack of improvement in survival also indicates the meager effectiveness of adjuvant and palliative therapies. Improvements in treatment are still required. 
